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Queens Me&cal Centre, Nottingham, U.K. 
Objective: Endovascular repazr (EVR) of abdominal ortw aneurysm (AAA) has many potential advantages, one of 
whwh may be reduced blood product reqmrements. The aim of th~s tudy was to compare the current blood product usage 
m our umt for three types of elective operatzon" EVR of AAA, open AAA repazr and femorofemoral crossover g~afts 
Design: Prospectwe data analyszs w~th ~stoncaI controls 
Materials: One-hundred and thirty-two patwnts undergoing electzve EVR of AAA, 35 patwnts undergoing electzve open 
repair of AAA and 37 patwnts hawng femorofemoraI crossover grafts. 
Methods: Data was collected on the blood product requzrements of patients having EVR of AAA, w~th open AAA repazr 
and femorofemoraI crossover graft provzdmg hzstorical controls. 
Results: There was no dzfference in the haematologzcal p rameters preoperatwely between the three groups but 
postoperatlvely patwnts having EVR had a slightly lower haemoglobin than the open group (lO.6 g/dl vs. lO.85 g/dI, p = 
0 015). The number of patients who received blood transfusmn m the EVR group was 82/132 (62%) and the open group 
27/35 (77%), p=0.4. 
Conclusion: Patwnts undergoing EVR of AAA requzre blood transfusmn m the same numbers when compared to those 
undergoing open repazr. 
Key Words Abdominal aortzc aneurysms; Endovascular repazr, Blood loss; Blood products. 
Introduction who undergo EVR but reqmre additional surgical 
procedures and compared these to those who have a 
Endovascular epair (EVR) of abdominal aortic an- straightforward EVR. 
eurysm (AAA) has the potential to bring about a major 
change m the management of AAA disease. It allows 
aneurysm repmr without recourse to laparotomy and 
dissection of the aneurysm sac. It therefore has the 
possible advantage of a reduction m the reqmrements Methods 
for blood products. The aim of this study was to 
compare the blood product requirements for patients Data were collected prospectively on 132 patients who 
undergoing elective EVR of AAA with those that had elective EVR of AAA between March 1994 and 
had elective open AAA repair and those who had a April 1997. The haemoglobin (Hb) and platelet count 
femorofemoral crossover graft. The latter procedure were determined preoperatively and on the first day 
was chosen as a control because it involves the same postoperatively. Estimated blood loss at the time of 
size incisions as the EVR used in this study. EVRwas by operation was recorded. Blood product data were 
the implantation of an aorto uni-iliac endoprosthesis collected by the local blood bank. For the elective open 
through bilateral common femoral arteriotomies and a AAA repairs (n = 35) and femorofemoral crossover 
femorofemoral bypass to maintain contralateral pelvic grafts (n =37) a consecutive series of patients was 
and lower extremity perfusion, x We have also corn- collected from the theatre record book over the same 
pared the blood product requirements in those patients study period and were analysed retrospectively. 
Results are expressed as median values (range). 
Statistical analysis was by Mann-Whitney U-test for 
* Please address all correspondence to S R Walker, Department of 
Vascular and Endovascular Surgery, E Floor, West Block, Queens numerical variables and Chl-squared test for cat- 
Medical Centre, Nottingham NG7 2UH, U K egorical variables. 
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Table 1. A list of surgical interventions in the patients undergoing EVR of AAA. 
Number Median blood loss (range) ml 
Major blood loss Conversion to open repatr 4 2800 (2000-3000) 
Closure of fliac artery laceration 2 1500 (1500-1500) 
Moderate blood loss Pen-aortic hgature apphcatlon 4 1500 (600-3000) 
Minor blood loss Ihac artery hgatlon 9 1000 (400-3000) 
Suture of &staI end of endoprosthesis to lhac artery 2 750 (500-1000) 
Extrapentoneal manipulation of dehvery device 1 500 
No surgical mterventlon 110 500 (400-2900) 
Total 132 
Table 2. Haematological parameters in patients undergoing endovascular AAA repair, open AAA repair and femorofemoral crossover 
grafts. 
Endovascular AAA repair Open AAA repair Femorofemoral crossover 
n = 132 n = 35 n = 37 
Median IQ Range Median IQ Range Median IQ Range 
Preoperative haemoglobin 
concentration g/d l  13 5 12 5-14.4 13 9 13-14 7 12 85 11 4-14.5 
Post operative haemoglobin 
concentration g/d l  10 6 9 4-11 8 10 85 10 4-13 11 1 9 7-12 8 
Preoperative platelet count x 10(9)/1 205 168-231 204 187-259 261 231-302 
Post-operatwe platelet 
count x 10(9)/1 141 106 5-175 143 111-174 223 5 164 x 314 
Results Table 3 summanses the blood product requirement 
data Of the 132 EVR patients, the median number of 
The median estimated blood loss in the EVR group initial red blood cell units cross matched was 6 units 
was 500 ml (400-2900), which differed significantly (2-10). Of these patients, 82 (62%) required red blood 
from the open group, 1500 ml (400-5500), p= 0.001. In cell transfusions with a median of 2.0 units (0-38) for 
those patients who had EVR but required surgical the 132 patients. In 15 of these patients the transfusion 
intervention (n=22)(Table 1), blood loss increased to was given more than 24h after the operative pro- 
a median of 1550 ml (500-2900), p = 0.01 for comparison cedure. In the open group, the initial cross match was 
of EVR with EVR and surgical intervention. The me- for a median of 6 units (2-10), with 27 (80%) patients 
dian blood loss in the femorofemoral group was no requiring transfusion giving a median of 3 units (0-19) 
different o the EVR group, 500 ml (200-1000). for the 35 patients. All patients requiring transfusion 
Table 2 shows the pre- and postoperative haemato- following open repair had the transfusion started pen- 
logical values for the three groups. In all three groups operatively or within 24 h of completion of the oper- 
there was a significant fall in the haemoglobin con- ation. The femorofemoral crossover group had an 
centration postoperatively when compared to the pre- initial cross match of a median of 2 units (2-6), 11 
operative level; EVR group 13.5 vs. 10.6 g/dl ,  (p = (30%) required transfusion, with a median of 0 units 
0.001), open group 13.9 vs. 10.85 g/dl ,  (p=0.001), and (0-6) for the 37 patients. There was no significant 
in the femorofemoral crossover group 12.85 vs. 11.1 g/  difference in the number of patients who received 
dl, (p=0.001). There was also a fall in the platelet blood transfusions between the EVR group and the 
count; EVR 205.5 vs 141.5 x 10(9)/1, (p=0.001), open open group, (p=0.41). There was also no difference in 
group 204 vs. 143 x 10(9)/1, (p=0.001), and in the the median number of units transfused (p=0.41) in 
femorofemoral crossover group 261.5 vs. 223 x 10(9)/1, those that did require transfusion. When the EVR 
(p = 0.007). There were sigmficant differences in the group was compared with the femorofemoral group, 
postoperative haemoglobin concentration when the significantly more patients required blood transfusions 
EVR was compared to the open group (10.6 vs. 10.85 g/  in the EVR group (p = 0.001). These results are sum- 
dl, p = 0.015) but not between the postoperative platelet marised m Fig. 1. 
count for these two groups. There was an increase in the blood transfusion re- 
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40 there will therefore be some variation in the use of 
85 blood products dependent on the medical personnel. 
~ 30 However, the mare indicators were intraoperative 
blood loss and postoperative haemoglobin con- 
-~ 25 centration. No autologous transfusions or intra- 
o 20 • , operative salvage has been used in any part of this 
~= 15 t t~ study. These results give important data about blood 
• product usage for these procedures. The transfusion 
~,~ 10 ~ " t • rate and number of units required in this study for 
5 -  ~ -{b- ~ t open abdominal aortic aneurysm repair (80%)is com- 
tt ~K- ......... ~. ........ parable with other documented series on blood prod- Z o - -  -- - -  
EVR EVR plus Open Femorofemoral uct requirements for open AAA repairs (35-890/o). 2"3"4 
surgteal repair crossover The number of patients who require blood trans- intervention 
fusion following EVR of AAA differs between centres 
Fig. 1. A scatter chart to show the number of units of blood who use &ffering techniques. In the EVT North Amer- 
transfused mpatmnts having endovascuiar (EVR) abdominal ortic 1can phase I trial eight out of 46 patients (17%) required 
aneurysm repair, EVR which reqmred ad&tlonal surgical mter- 
ventlon, open repair and femorofemoral crossover g afts Horizontal blood transfusion, 5 in Leicester the median blood loss 
hnes show median values was 1200 ml (800-2000) and six out of eight patients 
(75%) required blood transfusion. 6 May et al. also 
quirements when those patients who had surgical reported the blood loss when comparing the Sydney 
Interventions in the EVR group were compared to device with the EVT device in 1995 and found the blood 
those that had straightforward EVR (86% vs. 57%). loss between the two devices to be not significantly 
This group of 22 patients also required significantly different (Sydney 1040 ml, EVT 535 ml). They have 
more blood than the open repair (median 6 vs. 3 units, also reported similar results with regards to blood loss 
p =0.007) However, even after the exclusion of patients in the endovascular and open group. 7 In our study, 
who required surgical intervention from the EVR although the recorded blood loss from the open repairs 
group, those having straightforward EVR still required was greater than from the EVR, there was no significant 
a similar amount of blood as the open group (median difference in the number of patients who had blood 
2 units vs. 3 units, p--0 6). transfusion (80% vs. 68%) or in the median number 
Three patients had platelet counts of less than of units transfused (3 units vs. 2 units). Estimates of 
100 x 10(9)/1 and their transfusion requirements are blood loss at the time of operation are known to be 
shown in Table 4. inaccurate so that rehable comparisons are difficult. A 
mechanism for recording such blood loss in en- 
dovascular procedures i needed. However, blood loss 
Discussion is a poor indicator, unless massive, of the need for 
transfusion. This is shown by our data where the 
Blood transfusions themselves are not without risk, median blood loss in those patients having straight- 
i.e. transfusion reactions, infection and immuno- forward EVR is 500 ml and yet the median blood 
suppression. There are also financml imphcations transfusion was of 2 units. Under any other situation, 
when considering blood product usage. Within this such a blood loss would not require transfusion. How- 
unit there are set guidelines for the preoperative cross ever, the pre- and postoperative haemoglobin values 
match of blood (6 units for EVR and open repair of show how the haemoglobin concentration falls by a 
AAA and 2 units for femorofemoral crossover grafts), median of 3 g /d l  and without transfusion this fall 
but the use of these blood products is left to the clinical would undoubtedly be larger. From this data we have 
judgement of the surgical and anaesthetic staff and concluded that the fall in haemoglobin is a better 
Table 4. Blood product requirements in patients with thrombocytopenia who had EVR. 
Preoperative platelet Blood loss at Number of umts of Number of umts of Number of umts of 
count x 10(9)/1 operation ml whole blood reqmred platelets reqmred FFP reqmred 
64 1500 6 20 0 
96 1000 6 6 0 
50 1500 6 15 0 
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predictor of blood loss than the recorded blood loss The majority of patients who reqmred blood trans- 
in theatre, fusion in the EVR group were transfused within 24 h 
Additional surgical intervention i the endovascular of the operation as were all the patients in the open 
group was required m 22 patients and m this group group. In only 15 (18%) patients was the transfusion 
they reqmred the most blood products, but given these delayed beyond this time. This may be explained by 
exclusions the median transfusion in the EVR group the "haematoma" that forms around the endovascular 
was still simxlar to that in the open group (2 units vs. graft within the aneurysm sac and may be related 
3 units). There are several possible explanations for to the size and thrombus content of the aneurysm, 
the high transfusion rates presented in this series of although this has yet to be formally studied. 
EVR. One contributing factor may be the absence of We have shown that the femorofemoral crossover 
a haemostatic valve on the graft introducer. It has been procedure in itself requires blood transfusion in 30% 
our experience that only small quantities of blood are of patients. It may be that techniques of EVR that do 
lost as a result of this. Small but frequent quantities not require femorofemoral crossover grafts may be 
of blood are lost during catheter and introducer mani- associated with less blood loss and lower transfusion 
pulation. During the procedure, there are often grade- rates. 
wires within both femoral arteries from which there The three patients with thrombocytopenia are worth 
can be a constant but small loss of blood. In order to further discussion. In view of the thrombocytopenia 
all three were considered to be at high risk at open allow catheter manipulations and introduction over 
gmdewires it is not possible to use conventional vas- procedure and were therefore referred to this centre for 
EVR. Although their blood loss and blood transfusion cular clamps on the femoral arteries. In this series, 
nylon tapes are passed around the vessel and these requirements were higher than the remainder of the 
are used as snuggers (Rummel Tourniquet) around EVR group, they all had successful and otherwise 
the vessels. We have found these to be the most uncomplicated EVR. 
convenient way of controlling haemorrhage from the These results show that endovascular repair of ab- 
femoral vessels but they still may not give a blood dominal aortic aneurysms with an aorto uni-iliac de- 
tight seal of the vessel, especially when guxdewires or vice does reduce the estimated blood loss and that 
there is a trend to reduced blood product reqmrements catheters are present within the vessel. Patients are 
given intravenous heparm during the procedure to when compared to conventional open surgery. Further 
prevent thrombus formation in the temporarily oc- refinements of the technique are required and are 
cluded arteries. This anticoagulation contributes to the currently being investigated to reduce blood loss and 
per- and postoperative blood loss. However, heparin blood product requirements. 
is also used selectively in patients who undergo open 
AAA repair and in those who have a femorofemoral 
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